It has been known since Little's time that a high proportion of children with cerebral palsy are premature and that many are very small at birth. A study of the relation between the group of disorders included under the term cerebral palsy and very low birth weight was undertaken in the hope that it might contribute useful aetiological information. This report describes the results of a survey, made in collaboration with the Society of Medical Officers of Health, of 1,081 surviving children weighing not more than 4 lb. (1,800 g.) at birth. Taking into account the frequency of so low a birth weight, and the high mortality that it carries (Gibson and McKeown, 1951) , it is estimated that this number of survivors was probably derived from about 230,000 live births.
Review of Literature Differences in terminology and classification make comparisons between surveys difficult, but approximately one-third of all cerebral palsy takes the form of spastic hemiplegia, one-third to one-half spastic diplegia or tetraplegia, and between one-tenth and one-quarter choreoathetosis. In premature children the commonest form is symmetrical spasticity affecting lower limbs more than upper limbs. When this is apparently limited to the lower limbs it is often called cerebral spastic paraplegia and when in addition upper limbs are affected, spastic diplegia or tetraplegia. Between 40 and 700% of children with paraplegia and between 25 and 45 % of children with diplegia or tetraplegia have been reported to have a birth weight of not more than 51 lb. (2,500 g.) (Asher and Schonell, 1950; Childs and Evans, 1954; Eastman and DeLeon, 1955; Plum, 1956; Woods, 1957; Illingworth, 1958; Hansen, 1960, and Mitchell, 1961) . The same authors reported that between 24 and 3700 of children with choreoathetosis and between 20 and 35 % of children with spastic hemiplegia were premature.
The Syndrome of Spastic Diplegia. Paraplegia is difficult to distinguish from diplegia since upper limbs are seldom completely normal; all degrees of involvement of upper limbs are found in diplegia although they are always less affected than lower limbs. In both paraplegia and diplegia bimodal birth weight distributions have been reported with peaks around 4 lb. (1,800 g.) and 7 lb. (3,200 g.) with a rather larger proportion of paraplegics in the lower birth weight group (Childs and Evans, 1954; Fuldner, 1957) . These considerations suggest that paraplegia and diplegia are different degrees of one disorder; the term diplegia is used in this paper to include paraplegia, and includes also asymmetrical cases in which lower limbs are predominantly affected. Childs and Evans (1954) suggested that the bimodal birth weight distribution of diplegia might indicate two aetiological patterns. Supporting evidence was recently presented by Drillien, Ingram and Russell (1962) who found that the mothers of a group of diplegic children weighing over 54 lb.
(2,500 g.) tended to be of superior social class, older, and less fertile than the mothers of a group weighing 44 lb. (2,000 g.) or less.
There is no indication that genetic factors play more than a very small part in causing diplegia, although occasionally the disease may be due to a dominant or to an autosomal recessive gene (Schwarz, 1952; Book, 1953; Sutherland, 1957) and more rarely to a sex-linked recessive gene (Johnston and McKusick, 1962) .
Birth injury, although apparently an important factor in other forms of cerebral palsy, has never been considered a probable cause of diplegia in premature infants. Freud (1893 Freud ( , 1897 suggested that some intrauterine degenerative process caused both the cerebral lesion and the premature birth.
ARCHIVES OF DISEASE IN CHILDHOOD thought that prematurity interfered with the development of the pyramidal tracts and postulated that the earlier delivery took place the more extensive was the motor disorder. Polani (1958 Polani ( , 1959 also considered that the damage occurred after birth and he suggested that interference, caused by prematurity, with enzymic maturation in developing structures and perhaps excess of oxygen were aetiological factors.
Spastic Hemiplegia. Spastic hemiplegia may follow an illness in early childhood, accompanied by convulsions. Perlstein and Hood (1954) and Woods (1957) thought that about one-third of the cases in their series were caused in this way; Plum (1956) and Mitchell (1961) Ford, 1926) , but Norman (1933) and Stewart (1948) who had noted primitive convolutional patterns postulated an earlier origin in some cases. A higher mean birth weight in right hemiplegia compared with left, and an increased ratio of right hemiplegia to left in mature infants were found by Hood and Perlstein (1955) and by Eastman, Kohl, Maisel and Kavaler (1962) . This appeared to reflect a risk of damage by the sacral promontory to the left cerebral hemisphere in larger children in the commoner left occipito-anterior presentations.
Syndromes With Choreo-athetosis. Although choreo-athetoid cerebral palsy has been less clearly defined than other types its aetiology is better understood. It can follow hyperbilirubinaemia due to rhesus and ABO iso-immunization or prematurity. Pathologically pigment deposition and neuronal and glial degeneration may be found in different parts of the brain, particularly the subthalamic nuclei and basal ganglia. Hyperbilirubinaemia of prematurity is probably mainly due to inability of the immature liver to conjugate lipoid-soluble bilirubin with glucuronide to form a water soluble compound that can be excreted (Claireaux, 1960) .
Asphyxia at birth after a complicated delivery is frequently found in the history of children with choreo-athetosis who were not jaundiced (Evans, 1948) . According to Plum (1957) this occurs both in premature and mature children.
Materials and Methods
The methods used in the survey and the frequency of the various types of clinical abnormality found have been fully described in an earlier report (McDonald, 1962) . Briefly, those children weighing not more than 4 lb. (1,800 g.) at birth who had originally been studied in an investigation of retrolental fibroplasia by the Medical Research Council (1955) were followed up when they were from 6 to 8 years old. Of 1,128 children alive at the age of 6 months, 28 (2.5%) had by this time died, and 19 (1-7%) could not be traced, leaving 1,081 children who could be studied.
In the 1962 report 71 children were stated to have cerebral palsy. One child with mental defect and fits was originally thought to have ataxic paraplegia, but at a later examination the motor disorder was considered insufficient for a diagnosis of cerebral palsy. A diagnosis of diplegia was made in 48 of the 70 remaining, and to these were added for reasons given previously six cases of spastic lower monoplegia and three cases of spastic hemiplegia in which the lower limb was at least as much affected as the upper limb. found among the 310 male children was higher than 5 6% among the 449 female children (p = 0-17). Male rates were higher only at longer periods of gestation; these differences may be related to the higher average weight of male infants and the greater relative maturity of female children in the sample.
Early Postnatal History. The rate of diplegia was found to vary considerably with clinical findings in the neonatal period (Table 2 ). In the whole sample of single children the highest rate was found in those who had cyanotic attacks, but increased rates were found with jaundice, generalized oedema and respiratory difficulties of any kind. There was significantly more diplegia among children who were jaundiced than among those who were not (see Appendix). This was particularly true of children with a gestation period of less than 31 weeks (p = 0 03). Much of the excess of diplegia in This was at variance with the accepted association between prematurity and social class (Baird, 1962) , and was perhaps partly due to the method of selection of the sample and to social class differences in survival, but social factors may be relatively unimportant in the aetiology of very low birth weight.
In three of the four gestation groups there was a slightly higher rate of diplegia in classes IV and V compared with I, II (Barton, Wilson and Walker, 1962; Wood, Culley, Waterhouse and Powell, 1962) . Therefore expected numbers of children with diplegia were calculated allowing for the effect of jaundice and respiratory difficulties (see Appendix).
In pregnancies with toxaemia, seven children with diplegia were expected and six found; in those with bleeding 13 were expected and 10 found, and in those with a history of neither bleeding nor toxaemia 22 were expected and 26 found. There was no obvious connexion between diplegia and asphyxia noted immediately after birth, nor any excess among children receiving resuscitative treatment. In view of possible associations between asphyxia at birth and neonatal respiratory difficulties or jaundice, expected numbers of children were calculated allowing for these factors. Sixteen children with diplegia were expected to have had a history of 'blue' or 'white' asphyxia at birth, but 13 were found (p = 0-44).
Multiple Births. It has already been said that there was a substantial difference in the rate of diplegia in single and multiple births, which was not explained by differences in length of gestation, and which was in contrast with findings in other types of cerebral palsy. There was no case of diplegia among the 14 triplets. In five of the six twins with diplegia the co-twin failed to survive; one of the five was a stillborn macerated foetus weighing 1 lb. 11 oz. (764 g.) and the other four died in the neonatal period. 10% of single children of less than 33 weeks' gestation had diplegia, compared with three (60%) of 49 twins whose co-twin died (p = 0 37) and none of 68 twins whose co-twin survived and weighed 4 lb. (1,814 g.) or less (p = 0 008). Two cases of diplegia among 16 surviving co-twins were not included in the sample because they weighed over 4 lb. (1,814 g.) .
Four of the six twins with diplegia were first-born and two were second-born-rates of 2. Of 58 single children with such a history four (6 9 %) and two (13 * 3 %) of 15 twins had cerebral palsy other than diplegia. In single and multiple births combined this difference was of a significant order (p <0 01). As in diplegia there was no evidence of any association with the pregnancy and birth factors examined (Table 4) .
Two of the five children with athetosis had severe jaundice and probably a third (Table 5 ). The two children who were not jaundiced had long periods of gestation-35 and 36 weeks and both had convulsions. The three children with double hemiplegia had long gestation periods and all three had convulsions. Typical spastic hemiplegia was found in only two cases: in one the onset was at the age of 14 months during a blood transfusion and the other case was a breech delivery in a second twin.
Discussion
The very high rate of diplegia and the relatively low rates of other types of cerebral palsy were the most striking features in this series of children of very low birth weight. Spastic hemiplegia generally accounts for about one-third of cases, but was virtually absent, whereas 80% of the children with cerebral palsy appeared to have the diplegic syndrome. The close correlation between the rate of diplegia and length of gestation suggests that immaturity was a factor of great importance in the aetiology of this, but not of other types of cerebral palsy.
Though the causes of diplegia remain uncertain, two hypotheses can probably be ruled out. The equal frequency with which diplegia followed induced and spontaneous labours and pregnancies with toxaemia or bleeding, compared with pregnancies with neither, does not support the view that ARCHIVES OF DISEASE IN CHILDHOOD diplegia and prematurity have a common cause. Moreover, mothers of children with diplegia did not differ from others in parity, age or past history of premature births, abortions, stillbirths or infant deaths. The second unsupported hypothesis was that asphyxia during delivery is an aetiological factor; a record of neither asphyxia nor resuscitation was unduly associated with diplegia. Admittedly, the colour of an infant immediately after delivery reflects only conditions during the previous few minutes, but those who showed asphyxia on delivery probably experienced more intrauterine asphyxia than infants with a normal colour.
Since the presence of jaundice and the period of gestation are both related, but in different ways, to the degree of immaturity, it was not surprising to find an association between spastic diplegia and jaundice, over and above that with gestational age. The possibility that hyperbilirubinaemia may itself cause spastic diplegia can probably be dismissed.
There was no association with the duration of jaundice, the only available measure of severity, and in any case athetosis due to kernikterus is seldom accompanied by diplegia. Hyperbilirubinaemia in premature infants is probably due to immaturity of hepatic enzyme systems, and respiratory difficulties may contribute to it (Miller and Reed, 1958) . Jaundice may therefore be taken as an indicator of enzyme immaturity which in turn may be related to the normal development of the nervous system.
Generalized oedema, which was also associated with diplegia, is another indicator of immaturity. Brissaud suggested that a disturbance of myelination of the pyramidal tracts might produce paralysis of a different extent according to gestational age at birth. The findings of this survey did not support his contentions since it was the frequency and not the extent of paralysis that was related to length of pregnancy. Nevertheless, it might be by interference with myelination that an immature enzyme system might exert its effect.
Respiratory distress is also more common in immature infants, as are cyanotic attacks which are probably due to various factors, among them pulmonary insufficiency. Oxygen deficiency must occur in both cyanotic attacks and respiratory distress and their association with diplegia is consistent with the hypothesis that cerebral hypoxia during the first week or two of life is an aetiological factor. Children with reported cyanotic attacks presumably had the more severe hypoxia, and it was this group that had the highest rate of diplegia. It is therefore of considerable interest that there was evidence in very immature infants of a protective effect from prolonged oxygen therapy, and a lower rate of diplegia in centres with high rates of retrolental fibroplasia where oxygen was used for long periods. However, the lack of similar evidence in the more mature children suggests the operation of more than one factor. Oxygen therapy can certainly be discounted as a cause of diplegia and may be a useful means of preventing the disease providing that the danger of retrolental fibroplasia can be avoided.
There was no evidence that social factors contributed to the cause of prematurity in the present sample, but some indication that they may play some part in the aetiology of diplegia does exist since an increased rate of diplegia was found in social classes IV and V similar to that reported by Drillien et al. (1962 The analysis of complex tables of proportions in which each proportion is classified according to several interrelated factors can be done usinig a method proposed by Cochran (1940) and since developed by others (e.g. Yates, 1955; Jolly, 1950; Dyke and Patterson, 1952) . The calculations are laborious but well suited to electronic computation and the present study was analysed using a programme written by the author of this note for the Ferranti Mercury.
The general technique used is to transform the proportions to a logit scale and then fit constants by least squares for each factor in the usual way, using weights and working logits. The effects of the factors can then be tested by comparing them to their standard errors. The use of a logit transformation can be expected to make the effects of the factors more nearly additive, largely by extending the range of variation of the proportions which are otherwise forced to lie between 0 and 100%. The adequacy of the mathematical model can be tested by calculating x2 for the differences between observed and expected numbers.
In the present analysis it would have been possible, in principle, to have tested all factors simultaneously by applying the model to a complex multi-way table of the whole data. However, this would have meant that many of the proportions were based on very small numbers and might have concealed anomalies and interactions among the factors. For this reason a piecemeal approach was adopted in which the effects of the factors considered most likely to be important were calculated first. Comparisons between other factors were then made by calculating expected numbers using the constants fitted previously.
The factors for which constants were fitted were: gestation period; birth weight; presence or absence of jaundice; presence or absence of cyanotic attacks or respiratory distress.
It was found that there was no relation between diplegia and birth weight when gestation period was taken into account, and this was dropped from the analysis. It was also apparent that there was a good linear relation between logits and length of gestation.
The constants for the factors fitted in this way, together with their standard errors were: gestation (linear term), -0-0938±0-0394; jaundice, 01373±0t171; cyanotic attacks or respiratory distress, 0-448+0-163; x2, 17-47 (12 D.F.) .
It seems from this analysis that length of gestation, jaundice and cyanotic attacks or respiratory distress are all associated with diplegia, since all the relevant constants exceed twice their standard errors.
In ordinary terms these constants imply that an increase of two weeks in gestation period reduces the odds in favour of a baby being diplegic by about 10%. The presence of jaundice increases the odds in favour of diplegia by about 45%, and cyanotic attacks or respiratory distress increases the odds for diplegia by about 55%.
The method outlined above was used because it seemed to be the only approach at present available to the problem of testing statistical significance in complex tables of proportions. It must be admitted that experience with this type of analysis is still somewhat limited and it does not rest on as strong a basis as the ordinary analysis of variance. However, the results obtained seem intrinsically reasonable and it appears likely that the model is sufficiently realistic.
